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Symmetric, monofunctionalised polymethine dyes labelling rea- 
gents 

Polymethine dyes, also known as cyanines, conform to the gen- 
eralised formula: 

in which n is an odd positive integer and (n+3) n electrons 
are distributed over the polymethine chain, and the terminal 
atoms X and x 1 ; R, attached to the methine carbon C, is hy- 
drogen or a radical. In the large majority of dyes X and X 1 
are the nitrogen atoms in a heterocyclic ring, but dyes are 
known in which one or both of the groups art non-cyclic or 
carbocyclic. The -CR- groups can be replaced by one ore more 
aza (-N«) links. 

Comprehensive reviews regarding polymethine dyes have been by 
written by L. G.S, Brooker, "The Theory of the Photographic 
Process" Mees Ed.. Macmillan, New York, (1942), p. 387 and 
(1966), p. 196; Prances M. Hamer, in "The Chemistry of Het- 
erocyclic Compounds, vol 18, 'The Cyanine Dyes and Related 
Compounds," Weissberger, Ed, Wiley Interecience, New York, 
(1964); G.E. Ficken, "The Chemistry of Synthetic Dyes,- vol 
4, K. Venkataraman Ed., Academic Press, New York, (1971), 
p. 211; A.I. Kiprianov, Usp. Khim- , 29, 1336, (1960), 3S, 361 
(1966), 40, 594 (1971); D.W. Heseltine, "The Theory of the 
Photographic Process"^ 1 * edition, James Ed., Macmillan, New 
York, (1977), chapter 8, "Sensitising and Desensitising 
Dyes"; S. Daehne, Phot. Sci. Eng., 12, 219 (1979); D.J. Fry/ 
"Rodd's chemistry of Carbon Compounds" , "Cyanine Dyes and Re- 
lated Compounds", Vol. IVb, chapter 15, p. 369 Elsevier, Am- 
sterdam, (1977); Supplement to Vol. IVb, 2 nd Edition (1985), 
p. 267; H. Zollinger, "Color Chemistry", VCH, Weinheim (1987), 
chapters 3 and 14; D. M. Sturmer ("The Chemistry of Heterocy- 
clic Compounds, "Special Topics in Heterocyclic Chemistry", 
chapter VIII, "Synthesis and Properties of Cyanine and Re- 
lated Dyes", Weissberger Ed., Wiley, New York, (1977); "The 
Kirk-Othmer Encyclopaedia of Chemical Technology" Vol 7, p. 



782, *Cyanine Dyes* , Wiley, New-York, (1993). 

For many years, polymethine dyes have been very useful as 
sensitisers in photography, especially in the red and near 
infrared regions of the spectrum. However, in more recent 

years, there has been an upsurge of new uses of these dyes in 
innovative technological areas, such as laser and electro- 
optic applications, optical recording media, medical, bio- 
logical and diagnostic. These new applications of polymethine 
dyes place high demands on the degree of purity required, and 
the reproducibility of synthetic methods and purification 
steps is very important. These requirements are especially 
stringent for dyes designed to improve detection of ribonu- 
cleic acid (RNA) , deoxyribonucleic acid (DNA) and of antigens 
in immunoassays, in these fields, the trend toward an in- 
creasing miniaturisation is accompanied by an increasing de- 
mand on sensitivity of the reporter molecules or labels. One 
way to increase the sensitivity of conventional fluorescence 
method is to use laser sources for the excitation. However, 
traditional fluorescent labels based on fluoresceins or rho- 
damins required expensive and/ar bulky lasers. Moreover, 
their fluorescence occurs in the blue-green to green regions 
of the visible spectrum, where interference from the sample 
matrix is more likely to occur. Polymethine dyes do not suf- 
fer from these limitations. They can be efficiently excited 
by means of small, inexpensive solid state devices such as 
laser diodes or light emitting diodes, with extinction coef- 
ficients often several times higher than fluoresceins and 
rhodamines; they emit in the red and near-infrared regions of 
the spectrum, where non-specific fluorescence from the sample 
is low or lacking; another sources, Raman noise, becomes 
smaller with the inverse fourth power of wavelength (Tmasaka, 
T. , Yoshitake, A., and Ishibashi, N, * Semi conduct or Laser 
Fluorimetry in the Near-Infrared Region", Anal. Chem*, 56, 
1077 (1984); Imasaka, T., and Ishibashi, N . , "Diode Lasers 
and practical trace Analysis" , Anal. Chem. f 62, 363 (1990); 
Matsuoka, M. , Bd., w lnfrared Absorbing Dyes", Plenum Press, 
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HewYorK, (1990); J • Fabian. H. «• , "*"" 

Intr .red ^orbing Dyes-. Che*. Rev.. 92, 1197 (1992) , ■ ■ 
Daebne, O. Reech-Genger. O.S. Wolfbeis. -Near- Infrared Dyee 

, . ,i s r*ai-i ons* Kluwer Academic Publisn- 

for High Technology Applications , 

ers, Dordrecht (1997) . 

To be useful as a label, a dye has to be provided with a 
suitable side chain containing a functional group. While the 
main part of the dye structure is generally known from previ- 
ous applications, the introduction of a functional 
the structure for the purpose of conjugation, or binding to 
mother molecule, represents the innovative step in the in- 
ventions concerning the use of the dye as a labelling rea- 
gent, in general, only one such functional ised side , «. i x. 
preferable, in order to avoid cross-linking or purification 
problems, with a few exceptions, limited to heptamethine 
dyes, the standard approach in the design of polymethxne la- 
belling reagents has been to attach the functional ised side 
arm to one of the heterocyclic nuclei of the dye, formula 

<a) : 

HBTr- HETz — Z 

See, for instance: J.S. Lindsey, P.A. Brown, and d.a. Sieeel, 
Visible Light-Harvesting in Covalently-Linked Porphyrin- 
cyanine Dyes, Tetrahedron, 45, 4B45, (l»M) , ^'J^^ 
L A. Ernst, S.R. Mujumdar, and A.S. Waggoner, -Cyanine Dye 
Labelling Reagents Containing isothiocyanate Groups- , Cytome- 



cry. 10. 11 (1999), I..A. Ernat. R.K. Gupta. *»™^™* 

a!S. waggoner. "Cyanine Dye Celling Reaganta fnr anlphydryi 



A.S. waggonet, ^r*"— -» - , _ _ T • 

- ft •a M4ft4>- P.I,. SoUthWXCK P . Li . , Ii.A. 

Groups", Cytometry, 10, 3. (1989), p.x,- 

Ernst, E . W. Tauriello. S.R. Parker, R.B. Mujumdar, S.R. Mu 
jumdar. H.A. Clever, and A.S. Waggoner, 'Cyanine Dye Label- 
ling Reagents-carbo.cymethylindocyanine Succinimidyl Esters 
Cytometry 11, 418 (1990) , R.B. Mujumdar, L.A- Ernst Swat* R. 
Mujumdar. C.J. Lewis, and A.S- Waggoner, -Cyanxne Dye Label- 
ling Reagents: Sulfoindocyanine Succinimidyl Esters", Bio- 
conjugate Chemistry. 4, 105, (1993); A.J.G. Mank, E.J. Mole- 
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naar, H.Lingeman, C„ Goojer, U. A, Th. Brinkman, and N« H. 
Velthorst, "Visible Diode Laser Induced Fluorescence Detec- 
tion in Liquid Chromatography after Precoluiwi Derivatisation 
of Thiols", Anal. Chem., 65, 2197, (1993); H. Yu. , J- Chao, 
D. Patek, S.R. Mujumdar, and A.S. Waggoner, "Cyanine dye dUTP 
analogs for enzymatic labelling of DNA Probes", Nucl. Acids 
Res 22, 3226, (1994); Z. Zho, J. Chao, H. Yu, andA.S. Wag- 
goner, , "Directly labelled DNA probes using fluorescent nu- 
cleotides with different length linkers", Nucl. Acids, Res, 
22, 3226. A.J.G. Mank, H.T.C, van der Laan, , H.Lingeman, 

Cees Goojer, U. A . Th. Brinkman, and N. H. Velthorst, 
"Visible Diode Laser- Induced Fluorescence Detection in Liquid 
Chromatography after Precolumn Derivatisation of Amines", 
Anal. Chera., 67, 1742, (199S) ; S.R. Mujumdar, R.B. Mujumdar, 
CM. Grant, and A.S. Waggoner, "Cyanine Labelling Reagents: 
sulf obenzoindocyanine succinimidyl esters" , Biocon jugate 
Chemistry, 7, 356, (1996) . Patent Literature: P.L. Southwick, 
and A.S. Waggoner, "Intermediate for and Fluorescent Cyanine 
Dyes containing Carboxylic Acid Groups, U.S. Patent No. 
4981977, Jan 1, 1991; A.S. Waggoner, L.A. Ernst, and Mujum- 
dar, R.B., "Method for Labelling and Detecting Materials Em- 
ploying Arylsulf onate Cyanine Dyes", U.S. Patent No, 
5268486, Dec. 7., 1993; A.S. Waggoner, u Cyanine Dyes as La- 
belling Reagents for Detection of Biological and Other Mate- 
rials by Luminescence Methods", U.S. Patent No. 5627027, May 
6, 1996; A.S* Waggoner, and R.B. Mujumdar, *Rigidised Tri- 
methine Cyanine Dyes", W099/3 11181; G.-Y. Shen, T.S. Dobashi, 
■ Cyanine Dye Activating Group with improved Coupling Selec- 
tivity 1 '; T. S. G. M. Little, R, Raghavachari ; N. Narayanan; 
H . L . Osterman, * Fluorescent Cyanine Dyes", U.S. Patent No. 
6,027,709, Feb 22, 2000. 

The general synthetic strategy necessary to prepare these la- 
belling reagents is as follows. First, a quatemised nitrogen 
heterocycle HETi is prepared. Then, this heterocyclic base is 
reacted with an electrophilic reagent such as PhNH-(CH=CH) a - 
CH=NHPh-HCl or RO-(CHsCH) n -CH (OR) 2 , where Ph is a phenyl ring 
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and B a methyl or ethyl group, to obtain a so-called hemicya- 
nine dye, HET.-CCH-CH) „NHPh or HETi— (CH=CH) n NAcPh , where Ac is 
the acetyl radical, or HETi— ( CH=CH) n.-OR ■ These intermediates 
are then reacted with a different quaternary nitrogen hetero- 
cycle, HBT 2 . The functionalised side arm can be attached ei- 
ther to the first or to the second quaternised nitrogen het- 
erocycle. The final result is an asymmetric poiymethine la- 
belling reagent, HET!-(CH=CH) „-HET 2 -Z. 

Unfortunately, the hemicyanine intermediates are notoriously 
difficult to obtain in good yields and/or in a pure form 
(see for example, F. M. Hamer, "Some Asymmetrical Pentame- 
thincyanine Dyes and their Tetramethin intermediates-, J. 
Chem. floe., 32 (1949) and R.B. Mujumdar, L.A. Ernst, Swati R. 
Mujumdar, C.J . Lewis, and A.S. Waggoner, *Cyanine Dye Label- 
ling Reagents: Sulfoindocyanine Succinimidyl Esters", Bxo- 
conjugate Chemistry, 4, 105, (1993); in particular, note that 

> _ <* r-v,^T« *57 1744) tried to syntheetae an 
when Mank (Anal. Chem., 67, xr**i ux * 

asymmetric dicarbocyanine label described in the previous 
reference he obtained a total yield of 18% of dicarbocya- 
nines, from which the desired product was difficult to sepa- 
rate- therefore he devised an alternative approach based on 
1,3,3-trimethoxypropene. Unfortunately, this chemical xs no 
longer available commercially. 

in order to avoid such difficulties, the present invention is 
based on an alternative approach to the design of polymethine 
dyes with a single functionalised side arm. This general ap- 
proach is illustrated in formula (b) , below: 



HET I HET 



in this case, the functionalised side arm Z is attached to 
the centre of the dye molecule, resulting in a symmetric la- 
belling reagent. It is immediately obvious from this scheme 



that only one type of heterocyclic base, HET, is necessary 
and that the dye can be synthesised in one step, from HET (2 
equivalents) and an electrophilic reagent bearing the func- 
tionalised side arm. The overall result is a much more con- 
vergent, more efficient synthesis of the required labels. 

However, thus far, this approach has only found very limited 
application; the main example is in the synthesis of an iso- 
thiocyanate derivative of an heptamethine dye: Strekoweki, 
M. Lipowska, and G. Patonay, "Facile Derivatisation of Hep- 
tamethine Cyanine Dyes" , Synth. Comm. , 22 (17) , 2593-2598 
(1992); L. Strekowski, M. Lipowska, and G. Patonay, *Substi- 
tution Reactions of a Nucleofugal Group in Heptamethine Cya- 
nine Dyes. Synthesis of an Isothiocyanate Derivative for La- 
belling of Proteins with a Near- infrared Chromophore" J • Org* 
Chem. 57, 4578, (1992); N. Narayan, and G. Patonay, n A New 
Method for the Synthesis of Heptamethine Cyanine Dyes* , J . 
Org. Chem. 60, 2391-2395, (1995)- No example was given in the 
case of pentamethine labelling reagents and only one example 
for their trimethine analogues (Compound IX in W099/311181) . 

The present inventors succeeded in synthesising symmetric 
monofunctionalised polymethine dyes as shown in formula (b) 
having a wide variety of functional groups other than iso- 
thiocyanates and also having different functionalised arm 
chain lengths, which can be used for the labelling of a wide 
range of analytically and diagnostically useful biomolecules > 

Examples of such analytically and diagnostically useful bio- 
molecules include, but are not limited to, nucleotides and 
nucleosides, oligonucleotides, vitamins, proteins such as for 
example antibodies, antigens, streptavidin, and the like. 

Detailed description of the invention 



The dyes of the present invention are obtained by reacting 2 
moles of guaternised nitrogen heterocycle base, HET, with 



suitable electrophilic reagents, such as diphenylf ormamidines 
or trialkylorthoforraateB and their vinilogs. The functional - 
ised side arm can either be attached to the electrophilic 
reagent in a previous step, or after the formation of the 
polymethine dye structure. 

The guateraised heterocyclic nuclei, HET, are commercially 
available, or can be synthesised by known methods from com- 
mercially available precursors. For example, the following 
heterocycle bases are all commercially available; 2,3.3- 
trimethyl- 3 -H- indole, 1, 1 , 2-trimethyl-l-H-benz <e) indole, 2- 
methylbenzothiazole , 2 -methylbenzoxazole , 2 -methylnaphth [1,2- 
dlthiazole, 2-methylnaphthtl,2-d] oxazole, 2-methyl- naphth 
[2 , 1-d] oxazole . 

Other heterocyclic nuclei can be synthesised by known meth- 
ods. For example, eulphonated indoles can be made from the 
corresponding aminosulphonic acids: these compounds are first 
converted to the corresponding hydrazinosulphonic acids by 
diazotisation followed by reduction with tin (XI) chloride or 
other reducing agents, especially 30 2 and sulphites; in the 
next step the hydrazine intermediates were condensed with 2- 
methylbutanone to yield the corresponding indoles, and then 
alkylated at the nitrogen with alkyl halides or sultones. 
Sulphonated benzo- and naphthoxazoles were obtained from the 
corresponding aminophenol and aminonaphtolsulphonic acids by 
condensation with acetic anhydride. A similar approach was 
used to prepare sulphonated benzo- and naphthothiazoles . 2- 
raethyl -naphth [2 , l-d] thiazole, was similarly prepared by con- 
densation with acetic anhydride. 

N.a-alkylene cyclammonium salts of 3, 3 -dimethyl -3 -H- indole, 
l,l,2-dimethyl-i-H-benz(e) indole and their sulphonated ana- 
logues, were obtained by following the methods disclosed by 
l.L. Lincoln and D.W. Heseltine in "Merocyanine Sensitisers 
£or silver Halide* , U.S. Patent No. 3,282,932 (1966), 
L.L.Lincoln and L.G.S. Brooker in "Photographic Sensitising 
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Dyes of the Merocyanine And Styryl Types in Silver Halide 
Photographic Emulsions" , U.S. Patent No. 3,397,981 (1968); 
G.L. Oliver in * Photographic Silver Halide Emulsions Contain- 
ing N, a-alkylene Bridged Merocyanine Sensitising Dyes", U.S. 
Patent 3,403,026 (1968); G,L. Oliver, in "Silver Halide Eitrul- 
sionB Containing N, a-alkylene Bridged Indocyanine Sensitis- 
ing Dyes", U.S. Patent No. 3,408,195 (1968). N, a-alkylene 

cyclammonium salts of benzothiazole, benzoxazole, naphth{l,2- 
d] thiazole, naphth[2, 1-d] oxazole, naphth tl, 2-d] oxazole, 
naphth [2 , 1-d] oxazole, and their sulphonated analogs were pre- 
pared according to the methods described by P.DS. Babichev, 
and'N. Ya Derkach, Ukr. Khim* Zh,,22, 208 (1956); P.S. Babi- 
chev, and Neplyuev, *Benzothiazolylalkyl Carboxylic Acids and 
their Derivatives-IV-Benzothia2olylalkyl Carbinols" , Zh. 
Obsch. Khim., 32, 857 (1962); ); P.S, Babichev, and Neplyuev, 
w Benzothiazolylalkyl Carboxylic Acids and their Derivatives - 
V-2, 3-Polymethylenebenzothiazolium Salts* , Zh. Obsch. Khim., 
32, 860(1962); F.S. Babichev * Condensation of o-Aminobenzene- 
thiol with Lactones", Zh. Obsch. Khim., 33, 3016, (1963). 

Methods for the synthesis of l-Alkyl-2 -methyl -ben- 
zoic, d] indole nuclei, were provided by Ya. B- Shteinberg, in 
the article *Benzo [c, d] indocyanines" , Khim. Geterotsik. 
Soedin. 3, 340 (1973) and by F.A. Mikhailenko, N.P. Vasi- 
lenko, A. D . Kachkovskii and Yu. I. Rozhinskii in "Effect of 
Polar Substituents and the Length of the Polyznethine Chain on 
the Color of Cyanine Dyes of the Benzo [c, d] indole Series", 
Zh. Org, Khim., 18 f 435 (1982). 

In the assembly of the dyes of this invention, two identical 

molecules of the above described quaternised nitrogen hetero- 
cycles are condensed with one molecule of electrophilic in- 
termediates, which provide the bridging methine carbon atoms. 
For example, N,N-diphenylf ormamidines or trialkylorthof or- 
matee each add one methine carbon atom to the polymethine 
chain, giving rise to trimethincyanines or carbocyanines ; ma- 
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lonaldehyde dianils or trialkoxypropenes contribute three rae- 
thinee to pentamethincyanines, or dicarbocyanines ,- and gluta- 
conaldehyde dianils introduce five methines, to produce hep- 
tame thincyanines or tricarbocyanines, and so on. In one as- 
pect of this invention, the functionalised side arm needed 
for linking the dye to another molecule, can be inserted into 
the middle, or meso (u) , position of the polymethine chain 
either before, or after the synthesis of the cyanine skele- 
ton. Especially useful for this purpose are certain electro- 
philic reagents bearing a halogen atoms at the meso position, 
or cyanine dyes with halogens attached at this position. For 
example, meso-chloro- or bromomalonaldehyde dianils can be 
made from mucochloric or mucobromic acids by treatment with 
ethanol and aniline hydrochloride according to the directions 
given in Dieckraan and Plats, Berichte 4639 {1904) . These com- 
pounds can be used to synthesise the corresponding meso- 
chloro, or bromodicarbocyanines . Similarly, the vilsmeier- 
Haack-Aroold reaction can be used to prepare cyclic analogs 
of glutaconaldehyde bearing a halogen atom in the meso posi- 
tion: thi3 structure is then incorporated into the corre- 
sponding cyanine dye. For example, S. M. Makin, L.I. Boiko 
and O.A. Shavrygina describe the synthesis of (5-phenylamino- 
2 » 4 - trimethylene- 3 -chloro-2 , 4-pentadienylidene> phenylammonium 
chloride from cyclohexanone and the complex formed by mixing 
N,N-dimethylformamide and phosphorus oxychloride, "Aminofor- 
mylation of Unsaturated Aldehydes, 2-Alkoxyaldehydes and 
their Acetals, and Ketones of the Alicyclic Series", Zh. Org. 
Khim., 13, 1189 (1977). In our hands, the corresponding reac- 
tion with cyclopentanone only produced monoaminof ormylated 
derivatives. The corresponding meso-bromo derivatives can be 
obtained by using phosphorus bromide in place of the oxy- 
chloride as shown by A.I. Ponogaev and S.M. Makin in "Meso- 
bromo -substituted Tricarbocyanines with Cyclic Fragments in 
the Conjugation Chain", Zh. Org. Khim. 17, 167 (1980). These 
methods were applied successfully to 2-indanone by a. A. Rey- 
nolds and K.h. Drexhage, in » Stable Heptamethine Pyrylium 
Dyes that Absorb in the Infrared", J. Org. Chem, 42, 885 
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(1977) and by G.M. Sosnovskii. A. P. Lugovekii, and I.G. Tish- 
chenko in "Synthesis of Meso-substituted Tricarbocyanine Dyes 
with an Ortho- phenyl ene Bridge in the Chromophore" . Zh. Org. 
Khim. 19, 2143 (1983). Also, in the later article, methods 
are described for the introduction of a phenyl substituent in 
the meso-position or the substituted cyclic glutaconaldehyde 
intermediates: the cycloalkanones are reacted with PhMgBr or 
PhLi yielding the corresponding alcohols which can be easily 
dehydrated; these intermediates are subjected to a two-step 
arainoformylation, first with dimethylf ormamide dimethyl ace- 
tal and then with the DMF-P0C1 3 complex. Functionalised side 
arms can be introduced in the para position of the phenyl 
substituent, by masking the functionality with appropriate 
protective groups, i.e. dioxanes or dioxolanes for aldehydes, 
oxazolines for carboxylic groups and tetrahydropyranes for 
alcohols, as described in the book by T. w. Greene and P. G.M. 
Wute, "Protective Groups in Organic Synthesis", John Wiley & 
sons, New York, NY (1991) . 

Trimethincyanines with a meso chloro groups are best made as 
disclosed by G. L. Oliver in « Photographic Emulsions and u- 
chlorocarbocyanine Dyes", U.S. Patent 3,656,960 (L962) . 

In trimethincyanines and heptamethine cyanines the meso halo- 
gen is easily displaceable by more nucleophilic atoms such as 
0, S, Se, and N. This provides a convenient route for the in- 
troduction of a great number of functionalised side arms, by 
using reagents bearing a functional group at their distal 
end. As was shown above, this method found some very limited 
application by Patonay and his group, in the preparation of 
heptamethincyanineB with an isotbiocyanate reactive group at 
the distal end of a thiophenyl meso substituent. This reagent 
has only very limited utility, mostly for cell or protein la- 
belling, while it is totally unsuitable for the labelling of 
small molecules such as nucleotides. It is the purpose of 
this invention to provide better compounds by this route for 
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:ions where it is important to limit the perturbation 
caused to much the labelled molecule. 



The above method could not be extended to pentamethincya- 
nines, where the meso halogen not easily dieplaceable by nu- 
cleophiles. This effect is due to the alternation of charge 
density in the meso methine carbon in the series tri-, penta- 
and heptamethine dyes. In other words , the halogen -carbon 
bond in the meso position of pentamethincyanines is similar 
to that found in vinyl or aromatic halides. On this basis, it 
is possible to exploit the methods developed for the creation 
of carbon- carbon bonds from sp z halides and unsaturated hy- 
drocarbons with the help of palladium catalysts, as described 
by R.F. Heck in ^Palladium Reagents in Organic Synthesis*, 
Academic Press, New York, NY, 1965; J. Tsuji, in * Palladium 
Reagents and Catalysts", John Wiley & Sons, New York, NY, 
1995; and by J.-L. Malleron, J.-C- Fiaud, and J.-Y. Legros, 
in "Handbook of Palladium- Catalysed Organic Reactions" , Aca- 
demic Press, New York, NY, 1997. Especially useful in our 
context is the reaction between sp 2 halides and alkynes bear- 
ing a functional groups. These reactions are tolerant of many 
functionalities, occur under mild condition and in high 
yields. Similar methods proved successful also in the case of 
trimethine and heptamethincyanines, where the meso halogen is 
much more labile* 



Other methods were developed for pentamethincyanines. In some 
cases, it is possible to synthesise pentamethine cyanines 
bearing useful functional groups in the meso position, for 
example an ester group, as disclosed by P.P. Doyle, in 
n Improvements in or Relating to the Production of Cyanine 
Dyeetuf f e and to the Sensitising of Photographic Emulsions* f 
O.B. Patent No. 640,127 (1950). The Vilsmeyer-Haack-Amold 

reaction is also very useful for the preparation of meso- 
substituted malondi aldehydes needed for the preparation of 
the corresponding meso- substituted pentamethincyanines, CM. 
Marson and p,r, Giles, "Synthesis Using Vilsmeier Reagents", 
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CRC Press, Boca Raton, FL, 1994. For example by treating sub- 
stituted acetic acids, R-COOH, where R is aryl, chloro, eth- 
oxycarbonyl, with an excess of the Vilsmeier reagent 
N,N.diroethylf ormair\ide-POCl 3 results in substituted ma* 

lonaldialdehyde synthetic equivalents, CH 3 N*=C — CR=CH— N ( CH 3 ) 2 . 



The subject-matter of the present invention is therefore con- 
stituted by symmetric cyanine labelling dyes having the gen- 
eral formula (1) ; 

,R 2 




wherein : 

X is selected from the group consisting of O, S and C<CH3> 2 ; 
W represents non-metal atoms required to form a benzo- 
condensed or a naphto- condensed ring; 

R x is selected from the group consisting of (CH 2 ) n CH 3 , 
(CH2)nS<V and (CH 2 ) a S0 3 H, wherein n is an integer selected 
from 0 to 6 when R x is (CH 2 )nCH 3 , and n is an integer selected 
from 3 to 6 when Ri is {CH 2 ) n S0 3 " or (CH 2 ) n S0 3 H; 

R 2 and R 3 are independently selected from the group consist- 
ing of H, a sulphonic moiety and a sulphonate moiety; 
q is selected from the group consisting of: 
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wherein q is 0 or l and D is selected from the group con- 
sisting Of: 



— CsC— G ; 




wherein A is O or S and G is, or contains a N, O or S nu- 
cleophile moiety or is, or contains a moiety capable of re- 
acting with N, 0 or S nucleophiles . 

Preferably, the N, O or S nucleophile moiety is selected from 
the group consisting of: (CH 2 ) m OH, (CH,)*^, (CH 2 )*SH # 
(CH 2 ) m Y(CH 2 ) p OH, (CH 2 ) ro Y(CH 2 )pNH 2 , and (CH 2 ) m Y (CH 2 ) P SH . 



13 



Preferably, the moiety capable of reacting with N, O or S nu- 
cleophiles is selected from the group consisting of: 
{ CH 2 ) mCOOH , ( CH 2 ) m glyc idyl , ( CH 2 ) „paale imide , ( CH 2 ) m CO - NHS , 
( CH 2 ) m CO - imidazole , ( CH 2 ) «S0 2 CH«CH 2 , ( CH 2 ) m COHHNH 2 , ( CH 2 ) m CHO , 
( CH 2 ) mY ( CH 2 ) pCOOH , < CH 2 ) *Y ( CH 2 ) p glyc i dyl , ( CH 2 ) m Y { CH a ) pmaleimide , 
( CH 2 ) „Y (CH 2 ) pCO-NHS , (CH 2 ) ro Y ( CH 2 ) p CO- imidazole , CH 2 (CH 2 ) m O- PAM , 
( CH 2 ) »Y ( CH 2 ) p S0 2 CH=CH 2 , < CH 2 ) »Y ( CH 2 ) p C0NHNH 2 , ( CH 2 ) *Y ( CH 2 ) p CHO , 
and (CH 2 ) m Y(CH 2 ) p O-PAM, wherein 
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In the above formulae Y is selected from the group consisting 
of -NH-, -CONH-, -O- and -S-, m is an integer selected from 0 
to 6 and p is an integer selected from l to 6 . 

In the above illustrated symmetric cyanines, it is preferred 
that at least one of the moieties Ri to Rj is, or contains a 
sulfonic or a sulphonate moiety. 

In a preferred embodiment of the symmetric cyanines of the 
invention, X is C(CH 3 ) 2 and one of the moieties R 2 and R a is a 
sulphonic moiety or a sulphonate moiety; according to this 
embodiment of the invention, Ri is more preferably (CH 2 ) n S0j~ 
or (CH2) n S0 3 H. 

In another preferred embodiment of the symmetric cyanines of 
the invention, x is S and R r is (CH 2 ) a S0 3 - or (CHa^SChH. 

Also saltB of the above illustrated symmetric cyanines are 
within the scope of the present invention. Examples of such 
salts include, but are not limited to, chloride, iodide and 
bromide salts; sodium, potassium and magnesium salts. 



Also the valence tautomers of the symmetric cyanines of for- 
mula (1) are included within the scope of the invention, 
wherein the valence tautomerism is intended to mean the 
shifting of the conjugated bonds in the polymethine chain. 
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Examples of symmetric cyanines of the present invention are 
compounds of formula (1) in which G # R a , R 2 , R3 have the mean- 
ings illustrated in table 1 below. 

Table 1 







Ra 


R 3 




(CH 2 > a CH 3 


H 


u 


( CH a ) m CO0H 


( CH 2 ) n S0 3 H 


H 


S0 3 H 


< CH a ) n COOH 


I CH 2 > n CH 3 


S0 3 H 


H 




( CH 2 ) n S0 3 H 


SO s H 


H 


(CH 2 ) ffl COOH 


( CH 2 ) »CH 3 


S0 3 H 




(CH a ) nfiiboU 


( CH 2 > „S0 3 H 


so 3 H" 


S0 3 H 


<CH 2 ) m 0H 


(CHa^CH, 


H 


H 


(CH a ) re OH 


(CH 2 ) 0 S0 3 H 


H 


SO3H 


{CH 2 ) m OH 


(CH 2 ) tt CH 3 


SOjH 


H 


(CH a ) m 6M 


( CH 2 ) n S0 3 H 


S0 3 H 


H 


(CH 2 JmOH 


( CH 2 ) 11CH3 


S0 3 H 


SO3H 


tCH 2 J«OH 


<CH a ) n SO a H 


SOjH 


SOjH 


(CH 2 ) mNH 2 


(CH a ) n CH 3 


H 


H 


{ CH 2 ) mNHa 


<CH a )nS6 3 tf 


H 


SO,H 


(CH 2 ) ln HH2 


( CH a ) B CH 3 


SO a H 


H 


(CH 2 ) nNHa 


(CH 2 ) n S0 3 H 


S0 3 H 


H 




(CH 2 )»CH 3 


S0 3 H 




(CHa)»NHa 


( CH 2 ) »S0 3 H 


~B0 3 H 


SO3H 


(CH2) m SH 


( CH 2 ) nCH 3 


H 


H 


(CH^SK 


(CH 2 ) n S0 3 H 


H 


So 3 fT 




(CH 2 ) tt CH 3 


S0 3 H 




(CH 2 J m SH 


( CH 2 ) n S0 3 H 


So 3 rt 
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[ (CH 2 J m SH" 



TCH 2 jmgiyci d y- 



(C&a) »glycid 

rcH 2 ) n gj.ycidy. 
7cti 2 } m glycidy. 



CH a )»glycidy: 



XCH2) m^a-Leimide 



"(cri 3 )„CO-Nilii 



(CH 3 > a CH7 




TCH^ a CH 3 

"(ai 2 )nS0 3 H 



(CH 3 ) a CH 3 




1 Cri 3 ) iroxaazole 


TcH 2 > b S0 3 h| 


'H pO s H 


"(crij) m W-i ml dazole 








T^y^CO- imidazole 






H 


"TdH a > mCH5- imiaazole 


"TCHa)fiCri3 


"SB5ft 


SO5K 

sb 3 tt ' 


TCH 2 ) m C0- imidazole 
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(CH 2 ) ffi S!6 2 eH=CH 2 


(CH 2 ) n S0 3 H 


H 


S0 3 H 




(CH 2 ) n dtt3 


S0 3 H 


M 




(CH 2 )nSOiH 


S0 3 H 


H 




(CH 2 ) n CH, 


S0 3 H 


SO3H 


(CH 2 ) m 64 2 eH=CH 2 


(CH 2 ) n SOjH 




SO3H 


(<3l 2 J n C0Nlttm 2 


(Crfa^CHj 


H 


H 


(CH 2 ) B CONHNH 2 


(CH 2 ) a S0 3 ir 


h 


SO3H 


( CH 2 ) ra C0NHrW 2 


(CHaJnCHj 


S0 3 H 


H 




~rcH 2 ) a so 3 & 


SO,H 


H 


( trf 2 ) m CONHNH 2 


(CH 2 ) n ^ 3 


S0 3 H 


SOjH 


(CH 2 ) m CONHNH 2 


(CH 2 )„S0 3 H 




S0 3 H 




<CH 2 ) n CH 3 


H 


H 


( CH 2 J «CHO 


<CH 2 ) n SOaH 


H 


S0 3 H 




I CH 2 ) 11CM3 


SO,H 


H 


~TCri 2 ) m d«o 


i CH 2 ) nSOjH 




ir 


(CH 2 ) w <&0 


(CHa)nCH 3 


SOjH 


"SCT" 


«2H 2 } B CHd 


<CH 2 ) n S0 3 H 


S0 3 H 


SO3H 


(Ctt 2 J ni ^{t;H 2 > p e66tt 


(CHa) n CH 3 


H 


H 


(CHa)„Y(Cri 2 ) p COOH 




H 


S0 3 H 


(<2H 2 ) m Y(CH 2 )pOOOH 


lCH 2 ) n CHj 


SO a H 


H 


(crt a ) m Y(eri 2 J p coott 




SOjH 


H 


(CHa)mY ICttaJpCObH 


( CH 2 ) jjCHj 


S0 3 H 




(c« 2 ) m Y{Crf 2 } p eociti 


(CH 2 )nS0 3 H 


sd 3 rt 




( CH 2 ) m Y ( CH 2 ) pCO-tofts 


(CH 2 ) n CH 3 


H 


^ .. 


(Ck 2 ) m Y(CH 2 ) p CO-NH5 


(CH 2 } n S0 3 H 


H 


SO3H 


(d« 2 J ra Y(CH 2 ) p dO-NHS 


(CH 2 ) nCHj 


S0 3 H 


H 


{eH 2 J,„Y(CH 2 )pCO-»ttS 


(GH 2 ) a S0 3 H 


SO3H 


H 
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(cti 2 ) m *(cn 2 )pc!0-ims 


(CH 2 ) n CH 5 


SG 3 fc 


S0 3 H 


T£n- 2 )»V(c!a 2 )pCtt-*iHS 


(C!H 2 ) aSOsIT 


d0 3 «"" 


$0 3 H 


T<^Ha),»Y(eH a )pdO- 
imidazole 


(CH 2 )nCH 3 


H 


H 


(Cft 2 ) m Y(cH 2 ) p (Jo- 

imidazole 


(Ctf 2 JnS0 3 H 


ft" 


SOjH 


TTMa^lCtfzJpCO- 
imidazole 


TCH 2 ) n CH 3 


so 3 iT 


H 


(Ca 2 )„Y{CH 2 )pCO- 
imidazole 


(Cri 2 )„S6 3 ft 


"SOjti 


H 


(Cri a ) m yieil,JpCO- 
imidazole 


(CH 2 ) a CHj 








^TCHi ) tt S0 3 H 


So 3 iT 


SOaH 


CH 2 (CH a ) ra 6-^ 


(CH 2 >»CH 3 


TT 


H 


C!ti a <CH 3 )«ti-£AM 


(CH 2 ) a CH 3 


H 


S0 3 H 




(CH 2 ) A CH 3 "] 


SO3H 


TT 


CH 2 {Crt2>»0-PAM 


{CH 2 )„CH 3 




H 


CH a (CH 2 ) m O-PAM 


TCH 2 )„CH 3 


so 3 S 


so 3 k 


CH 2 (tti 3 > n G-E>AM 


(CH 2 ) n CH 3 


S0 3 tt 


S0 3 H 


TbHa) .¥ ( tH 2 ) p O- £AM 


ICH 2 ) 0 CH 3 






(CH 2 J»Y(CH 2 ) p O-PAM 


(CH 2 )nCH 3 


H 


S0 3 H 


-{CH a > m Y(Cki)pO-PAM 


(CH 2 ) n CH 3 


SOjH 


H 


(Ctt 2 J m Y(CH 2 J p b-fAM 


(CH 2 ) n CH 3 


S0 3 H 


H 


(Cii 2 ) m Y(C3i 2 )pO-PAM 


(CH 2 ) a CH 3 




so 3 kT 


TO 2 )mY(dfl 2 ) P 0-I?AM 


TCH 2 ) »CH 3 


so 3 k 

i 


S0 3 ff 



Each sulphonic moiety in the above table may be replaced by a 

corresponding swlphonate moiety. 

Preferred symmetric cyanines according to the present inven- 
tion are represented by any of the formulae (2a) to (21) : 
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2h 



2i 
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wherein i^, R a . R,, X, q and D have the meanings indicated in 
respect of formula (1) . 

The following examples are simply meant to further illustrate 
specific applications of the present invention and are not 
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intended to be construed as defining or limiting the scope of 
the invention. 



Example 1: synthesis of benzothiazolecarbo-ii- (2 -carboxyethyl) 
cyanine iodide (Compound 1) 




Compound 1 

2.00 g of N- ethyl - 2 -methyl -benzot hiazole , 5.25 g of succinic 
anhydride and 20 mL of pyridine are heated to reflux in a 10 0 
mL flask for 30 minutes. After the reagents dissolve, the 
color of the solution turns to purple from yellow within 5 
minutes. The solution is cooled to room temperature and added 
to a rapidly stirred solution of diethyl ether ♦ The solid is 
collected on a filter funnel and then purif ied by flash chro- 
matography on silica 60 , 200-400 mesh, eluting with a dichlo- 

rome thane /methanol 9/1 mixture. The purified product has A*^** 
- 548 run, 



Example 2 : synthesis o£ benzothiazolecarbo-|i- [3 -hydroxy- ( 2 
amidoethyl)] cyanine iodide and benzothiazolecarbo-ia- [3 -ami 
no- (2 -ami do ethyl) ] cyanine iodide (Compounds 2a, 2b) 



03-01-200 







. — & 





Compound 2a, Z = OH; Compound 2b, Z ■ NHa 

Compound 1 is dissolved in 1 mL of anhydrous N,N-dimethylfor- 
mamide and equimolar amounts of dicyclohexylcarbodiimide and 
1-hydroxybenzotriazole hydrate are added. After stirring for 
5 minutes, a 5 fold excess of l. 3-aminopropanol is added. The 
reaction mixture is stirred overnight and then is added drop- 
wise to 50 mL of rapidly stirred ether. The product is washed 
with ether and dried in a desiccator. 0.40 g of a fuchsia 
solid (compound 2a) are thus obtained, with *«eojr - 550nm. An 
amino- functionalised dye (compound 2b) is obtained by using 
an excess of 1,3-diaminopropane in place of 1, 3-aminopropa- 
nol . 

Example 3; synthesis of benzothiazolecarbo-n- [3 -p hosphor ami - 
dite- (2-amidoethyl) 3 cyanine iodide (compound 3) 



1 




Compound 3 
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0.50 g of alcohol 2a is dried in a vacuum oven at 40°C for 
five hours and Chen is loaded into a dry, 100 mL, 3-neek 
flask. 40 mL of anhydrous acetonitrile are added under argon, 
followed by 0,17 mL of a 0.5 M solution of tetrazole in ace- 
tonitrile and 0.42 mL of 2-cyanoethyltetraisopropylphospho- 
rodiamidite. The solution is stirred under argon for 90 min- 
utes at room temperature . After this time period it is evapo- 
rated in vacuo. The residue is re-dissolved in l mL of aceto- 
nitrile and precipitated by dropwise addition to 100 mL of 
anhydrous ether. It is stored at -20°C. The yield of 3 ±* 
96%. 

Example 4; synthesis of n,n-bis (sulfobutyl)benzothiazole- 
carbo-n- (2-carboxyethyl) cyanine sodium salt (compound 4) 




Compound 4 



2.00 g of N- (5-sulfonatobutyl) -2 -methyl -benzothiazole, 5.25 g 
of succinic anhydride and 20 mL of pyridine are heated to re- 
flux in a 100 mL flask for 30 minutes. After the reagent dis- 
solve, the color of the solution turns to purple from yellow 
within 5 minutes. The solution is cooled to room temperature 
and added to a rapidly stirred solution of diethyl ether. The 
solid is collected on a filter funnel and then purified by 
reverse phase medium pressure chromatography on RP-ie Lichro- 

Prep (Merck), 25-40 \xm. The product is eluted with a metha- 
nol/water 60/40 solvent mixture. The purified product has 
^neoH = 550 run. 
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hag gle 5= syn^ -*- °<= n.n-bin^fnbntyUbenzothlasole 
(compound 5) 




Compound 5 

o.so g of compound 4 is dissolved in 1 «L of anbydrou. H.H- 

aimethylfor-amide and ^ amounts of 

boaiimide and i-hydroxybenzctriazole hydrate are 

stirring for 5 minutes . a 2 fold excess of 4-aminobutyrre 

acio clutyi ester is added. The reaction fixture is stirred 

overnight and then is added dropwise to 50 mL of rapidly 

etirreo etber. The product is washed with ether and 

a desiccator. The crude t-butyl ester is .aponifi^ hy «ea, 

^nt with 1 SO. of trif luoroacetic acid at room "^""""0 

^ *n ^n^afic acid is removed in vacuo to 

After 1 hour tlie critiuoroa^ou* . 

give a fuchsia solid. The crude product was purified by puri- 
fied by reverse phase medium pressure chromatography on RP-ie 
I,iehroPr.p (Merck). 25-40 V*- The product is eluted with a 
^tnLol/water 70/30 solvent mixture. The purified product. 




26 



compound 5, has hueon = 550 nm. 

Example 6: synthesis of n,n-bis (sulfobutyl)benzothiazolecar- 
bo~n~ [4-succinimidyl ester butyl- (2-amidoethyl) ] cyanine so- 
dium gait (compound 6) 




Compound 6 

The acid 5 is converted to its N-hydroxysuccinimide ester as 
follows. 100 mg of the acid, and equimolar amounts of N,N'- 
dicyclohexylcarbodiimide and N-hydroxyeuccinimide are dis- 
solved in 3 mL of dry DMF in a microsynthesis vial. All 
glassware and reagents must be rigorously anhydrous. The so- 
lution is stirred overnight at 50°C. The active ester 6 is 
precipitated with anhydrous ether, collected on a glass fil- 
ter and washed five times with anhydrous ether , dried and 
stored at -20°C. Yield of ester from the acid was 90%. 

Example 7; synthesis of bromomalonaldehyde dianil bromide 
(Compound 7) 



Br 




Compound 7 

3,54 g of aniline are dissolved in 15 mL of ethanol in a 100 
niL beaker. Separately, 5 g of muchobromic acid are dissolved 
in 15 ml* of ethanol in a 100 mL Erlenmeyer flask. This solu- 
tion is added drop by drop to the aniline/ethanol solution, 
with cooling. The reaction mixture turns immediately yellow, 
then orange, with development of CO a . At the end of the ad- 
dition, the mixture is heated in a water bath until its vol- 
ume is reduced to one half. The resulting solution is cooled 
with an ice-ealt mixture. A yellow crystalline mass is 
formed* This is collected on a fritted glass filter. A first 
fraction of 3.84 of pure product is obtained , 52% yield. 
From the mother solution a further 2.7 g of somewhat less 
pure product is recovered, which can be re- crystallised from 
a small amount of ethanol to yield a further 1.7 g of pure 
product . 

Sxample 8 : synthesis of sulf oindodicarbo-u- (bromo) cyanine 
iodide (compound 8) 




Compound 8 
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4 g of N-ethyl-2,3,3-trimethyl-3 [H] indolium 5-sulpbonate, 
2.86 g of compound 7, 1.87 g of pyridine and 40 raL of acetic 
anhydride in a 100 mL flaeJc are heated at reflux with stir- 
ring for 2 hours. The blue solution is cooled to room tem- 
perature and added dropwise to 400 mL of rapidly stirred di- 
ethyl ether. The blue -greenish solid is collected on a frit- 
ted glass filter, washed with ether and dried in a desicca- 
tor. The crude product is purified by reverse phase medium 
pressure chromatography on RP-18 LichroPrep (Merck), 25-40 
]m. The product is eluted with a methanol /water 70/30 solvent 
mixture. Yields 65%. The purified product has X Me oH - "1 »*m. 



Example 9; synthesis of sulfoindodicarbo-n- (4-ca rboxy-i-buti 
nyl) cyanlne iodide (compound 9) 




Compound 9 

2 g of compound 8, 300 mg of 4-pentynoic acid and 1 mti of 
pyrrolidine are stirred into 15 mL of N,N- dimethylformanu.de 
under nitrogen at room temperature. 2 00 mg of bis (triphenyl- 
phosphine) -palladium (ID chloride, and 50 mg of cooper (I) io- 
dide are added to the reaction mixture. After 4 hours, the 
solvent and volatile compounds are evaporated under vacuum. 
The crude product is purified by reverse phase medium prea- 
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sure chromatography on RP-1B LichroPrep (Merck), 25-40 \xm. 
The product is eluted with a methanol/water 70/30 solvent 
mixture. Yield: 65%, The purified product has A^eon = 655 nra 

Example 10; synthesis of gulf oindodicarbo-n- (4-succinlmidyl 
ester -1-butinyl) cyanine potassium salt (compound 10) 




Compound 10 

The acid 9 is converted to its N-hydroxysuccinimide ester as 
follows. 300 mg of the acid, and equimolar amounts of N.N' - 
dicyclohexylcarbodiimide and N-hydroxysuccinimide are dis- 
solved in 10 mL of dry DMP in a microsymthesis vial. All 
glassware and reagents must be rigorously anhydrous „ The so- 
lution is stirred overnight at 50°C. The active ester 10 is 
precipitated with anhydrous ether, collected on a glass fil- 
ter and washed five times with anhydrous ether, dried and 
stored at -20°C* Yield of ester from the acid was 90%, 

Example 11: synthesis of indodicarbo-ji- (bromo) cyanine iodide 
(compound n) 
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Compound 11 



4.4 g of N-ethyl-2,3,3-trimethyl-3[H]indolium iodide. 2.86 g 
of compound 7, 1-87 g of pyridine and 40 mL of acetic anhy- 
dride' in a" 100 mL flask ire heated at reflux with stirring 
for 2 hours. The blue solution is cooled to room temperature 
and added dropwise to 400 mL of rapidly stirred diethyl 
ether. The blue solid is collected on a synthered glass fil- 
ter, washed with ether and deride in a desiccator. The prod- 
uct was purified by flash chromatography on silica 60. 200- 
400 mesh, eluting with a dichloromethane/methanol 95/5 mix- 
ture The purified product has X*tec* ■ 644 nm 



Example 12; synthesis of indodicarho-u- (4-carboxy- l-butinyl) 

cyanine iodide (compound 12) 




Compound 12 



2 g of compound 11, 300 mg of 4-pentynoic acid and 1 mL of 



\1 
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pyrrolidine are stirred into 15 mL of N,N-dimethylformamide 
under nitrogen at room temperature. 200 mg of bis (triphenyl- 
phosphine) -palladium (II) chloride, and 50 mg of cooper (I) io- 
dide are added to the reaction mixture. After 4 hours, the 
solvent and volatile compounds are evaporated under vacuum. 
The crude product is purified by flash chromatography on sil- 
ica 60, 200-400 mesh, eluting with a dichloromethane/methanol 
9/1 mixture. Yield: 90%. The purified product ha6 X Me oH = 64S 
nm. 

Example 13; synthesis of indodicarbo-M- [4- (3-hydroxypropyl- 
amldo) -1-butinyl] cyanine iodide and indodicarbo-n- [4- (3-aml- 
nopropylamido) -1-butinyl] cyanine iodide (compound s 13a, 13b) 




Compound 13a, Z = OH; Compound 13b, Z = NH 2 

0.50 g of compound 12 is dissolved in l mL of anhydrous N,N- 
dimethylf ormamide and equiroolar amounts of dicyclohexylcar- 
bodiimide and l-hydroxybenzotriazole hydrate are added. After 
stirring for 5 minutes, a 5 fold excess of 1, 3-arainopropanol 
is added. The reaction mixture is stirred overnight and then 
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is added dropwise to 50 mL of rapidly stirred ether. The 
product is washed with ether and dried in a desiccator. 0.40 
g of a blue solid (compound 13 a) are thus obtained, with X^o* 
= 648nm. An amino- functionalised dye (compound 13b) is ob- 
tained by using an excess of l, 3-diaminopropane in place of 
1,3- aminopropanol . 

Example 14: synthesis of indodicarb o-u- [4- (3-phopsphoramidite 
propylamido) -l-butinyl] cyanine iodide (compound 14) 




OPAM 



Compound 14 

0.50 g of alcohol 13 is dried in a vacuum oven at 40°C for 
five hours and then is loaded into a dry, 100 mL, 3 -neck 
flask. 40 mL of anhydrous acetonitrile are added under argon, 
followed by 0.17 mL of a 0.5 M solution of tetraaole in ace- 
tonitrile and 0.42 mL of 2-cyanoethyltetraisopropylphospho- 
rodiamidite. The solution is stirred under argon for 90 min- 
utes at room temperature. After this time period it is evapo- 
rated in vacuo. The residue is re-dissolved in 1 mL of aceto- 
nitrile and precipitated by dropwise addition to 100 mL of 
anhydrous ether. It is stored at -20-C. The yield of 14 is 
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chloride (compound IS) 




Compound IS 



28 mL of POCl 3 are added to 39 mL stirred, cooled 
dimethylformamide, followed by 16 g of p-cyanophenylacetic . 
After 1 hour, the reaction mixture is heated at 80-90-C until 
carbon dioxide is no longer evolved, about 6 hours. The mix- 
ture is cooled to room temperature, mixed within 100 g of 
ice, and the aqueous mixture is shaken with a small amount of 
charcoal. The aqueous solution is made basic with potassium 
carbonate and extracted 3 times with 200 mL portions of dx- 
chloromethane. The combined organic layers are washed with 
distilled water, dried with sodium sulphate and evaporated to 
a dark oil. This oil is subjected to basic hydrolysis to pro- 
duce the free dihaldehyde and at the same time convert the 
nitrile to the corresponding carboxylate. Thus, the oil is 
suspended in 100 mL of water and 25 mL of 50% aqueous NaOH 
are added with stirring. The mixture is heated. at 70*C until 
a homogenous aqueous solution results. The solution is neu- 
tralised with concentrated hydrochloric acid and 25 g of ani- 
line hydrochloride dissolved in 100 mL of water are added. 
The yellow orange precipitate is collected on a fritted glass 
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filter and dried in the oven at 50°C. 

Example 16: synthesis of indodicarbo-n- U-carboxyphenyl) cya- 
nine iodide (compound 16) 




Compound 16 



4.4 g of N-ethyl-2, 3 , 3-fcrimethyl-3 [H] indolium iodide, 2.64 g 
of compound 15, 2.00 g of pyridine and 50 mL of acetic anhy- 
dride in a 100 rali flask are heated at reflux with stirring 
for 2 hours. The blue solution is cooled to room temperature 
and added dropwise to 400 mL of rapidly stirred diethyl 
ether. The blue solid is collected oh a fritted glass filter, 
washed with ether and dried in a desiccator. The product was 
purified by flash chromatography on silica 60 , 200-400 mesh, 
eluting with a dichloromethane/ntethanol 95/5 mixture. The pu- 
rified product has A* e0 H » 646 run 

Example 17: synthesis of indodicarbo-n- [4- ( 3 - hydr oxypropy 1 - 

ami do) phenyl] cyanine iodide and indodicarbo-p,- [4 - (3 -amino- 
propyl amido) -l -but inyl] cyanine iodide (compounds L7a, 17b) 



V 
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Compound 17a, Z * OH; Compound 17b, Z = NH 2 

0.50 g of compound 16 is dissolved in 1 mL of anhydrous N,N- 
dimethylforinamide and equimolar amounts of dicyclohexylcar- 
bodiimide and l-hydroxybenzotriazole hydrate are added. After 
stirring for 5 minutes, a 5 fold excess of 1, 3-aminopropanol 
is added. The reaction mixture is stirred overnight and then 
is added dropwise to 50 mL of rapidly stirred ether . The 
product is washed with ether and dried in a desiccator. 0.40 
g of a blue solid (compound 17a) are thus obtained, with X Me0 H 
= 647nm. An amino- functionalised dye (compound 17b) is ob- 
tained by using an excess of 1, 3-diaminopropane in place of 
1 , 3-aminopropanol . 

Example IB: synthesis of chloromalonaldehyde dianil chloride 
(compound 18) 





Compound 18 

13 mL of anhydrous DMP are added under argon to a 250 mL 
flask fitted with a mechanical stirrer, li ml of POCli, pre- 
viously cooled to 4«C in the refrigerator, are slowly added 
drop by drop. The reaction mixture is cooled to o°C with a 
NaCl/ice bath under continuous stirring, a solution of 2.65 
mL of cyclohexanone in 5 mL of dichlorome thane ie added drop- 
wise. The color of the reaction mixture turn to yellow. At 
the of the addition, the mixture is stirred for a further 15 
minutes and then heated on a water bath for 1 hour, it i* 
then cooled to room temperature and a cold solution of 10 mL 
of aniline in 10 mL of ethanol is added dropwise. The reac- 
tion mixture turn to deep violet and becomes very viscous. 
100 mL of cold water and 10 mL of cold concentrated HC1 are 
added. The reaction mixture is transferred to a beaker, cov- 
ered and kept in a refrigerator at 4°C overnight. A dark vio- 
let crystalline mass precipitates and is collected on a frit- 
ted glass filter and washed several times with cold water. 
The product is dried overnight in a desiccator. The UV-Vis 
absorption spectrum shows two peaks, at 520 and 415 nm. 

Example 19: synthesis of 4- ( 2 -carboxyethylamido? phenol, 4- (2- 
carboxypr opylamido) phenol, 4- (2-carhoxyethylamido) thiophenol 
and 4- (2-carboxypropylamido)thiophenol (compounds 19a, 19b, 

19c, 19d) 
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Phenols, Compound 19a n= 2; Compound 19b, n = 3 
Thiophenols, Compound 19c n= 2; Compound 19d, n ■ 3 

11 g of p-aminophenol are suspended in 100 ml of water in a 
500 mL flask. A suspension of 14 g of succinic anhydride in 
100 mL of water is added with stirring . The mixture is warmed 
to 50 °C. A crystalline mass precipitates, it is dissolved 
again by heating to the boil. The solution is cooled to room 
temperature . A white crystalline mass forms. This is col- 
lected on a fritted glass filter and washed with two portions 
of 50 mL of cold water and is dried in air. The yield of 19a 
is 86%. Compound 19b was similarly prepared from 11 g of p- 
aminophenol and 15 g of glutaric anhydride, yield 95% ♦ The 
corresponding thiophenols (compounds 19c and 19d) were simi- 
larly prepared from 4-mercaptoaniline and succinic and glu- 
taric anhydrides , respectively. 

Example 20: synthesis of indotricarbocyclohexen-n- (chloro) 
cyanine iodide (compound 20) 




Compound 20 

20 g of N-ethyl-2,3 f 3-trimethyl-3 [H]indolium iodide, 11.4 g 
of compound 18, 6. 3 g of sodium acetate anhydrous and 400 mL 
of ethanol are refluxed in a 1000 mL flask for 1 hour. The 
solution is cooled to room temperature and slowly added to 4 
L of diethyl ether. The green precipitate is collected on a 
fritted glass filter and purified by flash chromatography on 
silica 60, 200-400 mesh, eluting with a dichlorome thane/me - 
thanol 9/1 mixture. 
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Example 21: synthesis of indotricarbocyclohexen-n~ [3- (3-hy- 
droxypropylamido)propylamidotbiophenoxy3 cyanine iodide and 

indotricarbocyclohexen-j4- f 3- (3-arainopropylamido) propylamido- 
thicphenoxy] cyanine iodide (compounds 21a, 21b) 




Compound 21a, 2 « OH; Compound 2 lb, Z = NH 2 

All the glassware is dried overnight at 120°C. Compounds 20 
and I9d are dried in a vacuum oven for 90 minutes at 40 °C 
over silica gel. A 3-neck, 100 ioL flask, cooled under a 
stream of nitrogen ie loaded with 0.5 g of compound 20 and 
1.72 g of compound 19d. 10 mL of anhydrous N,N-dimethylf orma- 
mide are added by cannula under nitrogen. The mixture is 
stirred for 15 minutes under nitrogen. The solvent is evapo- 
rated and the residue dissolved in a small amount of metha- 
nol . The green methanol solution is filtered and added to 200 
mi- of rapidly stirred ether. The green precipitate is col- 
lected on a sintered glass filter and purified by purified by 
reverse phase medium pressure chromatography on RP-1B Lichro- 

Prep (Merck) , 25-40 fim. The product is eluted with a metha- 
nol/water 70/30 solvent mixture. 0.40 g of an emerald green 

solid are thus obtained, with X^oh * 785 run- The cyanine acid 
is dissolved in 1 mL of anhydrous N,N-dimethylformamide and 
equimolar amounts of dicyclohexylcarbodiimide and l -hydroxy- 
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benzotriazole hydrate are added. After stirring for 5 min- 
utes. a 5 fold excess of 1. 3-aminopropanol is added. The re- 
action mixture is stirred overnight and then is added drop- 
wise to 50 mL of rapidly stirred ether. The product is washed 
with ether and dried in a desiccator. 0.40 g of an emerald 
green solid (compound 21a) are thus obtained, with = 
785. An amino-functionalised dye (compound 21b) is obtained 
by using an excess of 1 , 3 -diaminopropane in place of 1,3- 
amlnopropanol . 

Example 22: synthesis of indotricarbocyclohexen-n- [3- (3-, 
nho psphoramidite propyl a mido) propylamido thiophenoxy] cya- 
nine iodide (compound 22) 




OPAM 



Compound 22 

0 50 g of alcohol 21a is dried in a vacuum oven at 40-C for 
five hours and then is loaded into a dry. 100 mL. 3 -neck 
flask. 40 mL of anhydrous acetonitrile are added under argon, 
followed by 0.17 mL of a 0.5 M solution of tetrazole in ace- 
tonitrile and 0.42 mL of 2-cyanoethyltetraisopropylphospho- 
rodiamidite. The solution is stirred under argon for 90 min- 
ute, at room temperature. After this time period it is evapo- 
rated in vacuo. The residue is re-dissolved in 1 mL of aceto- 
nitrile and precipitated by dropwise addition to 100 mL of 
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anhydrous ether. It is stored at -20°C. The yield of 22 is 

90%. 

Example 23: synthesis of sulf oindotricarbo cyclohexen-u- (chlo 
ro) cvanine (compound 23) 




Compound 23 

20 g of N-ethyl-2,3,3-trimethyl-3 [H] -indoliuro- 5 -sulfonate, 
13. S g of compound 18, 6.10 g of sodium acetate anhydrous and 
400 mL of ethanol are refluxed for 1 hour under stirring in a 
1000 mL flask. The solution is cooled to room temperature and 
slowly added to 4 L of rapidly stirred diethyl ether. The 
green solid is collected on a filter and purified by reverse 
phase medium pressure chromatography on RP-18 LichroPrep 
(Merck) , 25-40 jim. The product was eluted with a metha- 
nol /water 60/40 solvent mixture. 

24 ; synthesis of sulfoindotricarbocycloh exen-n- [ (3- 
carboxypropvl) amidol thiophenoxy cvanine sodium salt ( compound 

24) 



4.1 



Compound 24 

All the glassware is dried overnight at 120«»C. Compounds 23 
and 19d are dried in a vacuum oven for 90 minutes at 40°C 
over silica gel. A 3-neck, 100 mL flask , cooled under a 
stream of nitrogen is loaded with 0.5 g of compound 23 and 
1.72 g of compound 19d. 10 mL of anhydrous N,N-dimethylf orma- 
raide are added by cannula under nitrogen. The mixture is 
stirred for 15 minutes under nitrogen. The solvent is evapo- 
rated and the residue dissolved in a small amount of metha- 
nol. The green methanol solution is filtered and added to 200 
mL of rapidly stirred ether. The green precipitate is col- 
lected on a sintered glass filter and purified by purified by 
reverse phase medium pressure chromatography on RP-18 iiichro- 
Prep (Merck) , 25-40 urn. The product is eluted with a metha- 
nol/water 70/30 solvent mixture. 0.55 g of a green solid are 
thus obtained, with Xk»oh = 794 nm. 

Example 25; synthesis of sulf oindotricarbocyclohexen-^- [ (3- 
succinimidyl ester propyl ) amido] thiophenoxy cyanine sodium 
Bait (compound 25) 




Compound 25 
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The acid 23 is converted to its N-hydroxysuccinimide ester as 
follows. 100 mg of the acid 24, and equimolar amounts of 
N.N' -dicyclohexylcarnodiimide and N-hydroxysuccinimide are 
dissolved in 3 mL of dry DMP in a microsynthesis vial. All 
glassware and reagents must be rigorously anhydrous. The so- 
lution is stirred overnight at 50°C. The active ester 25 is 
precipitated with anhydrous ether , collected on a glass fil- 
ter and washed five times with anhydrous ether, dried and 
stored at -20«C. Yield of ester from the acid was 95%. 

Example 26: synthesis of the conjugate between sulfoindotri- 
carbocyclohexen-^i- [ (3-succinimidyl ester propyl) amido] thio- 

phenoxy cyanine sodium salt and 5-allylamino-dUTP (Compound 
26) 




Compound 26 

2 nmol of 5-allylamino-dUTP is dissolved in 1.2 mL 0,1 M bo- 
rate buffer pH 8. 10 nmol of active ester 25 dissolved in 300 

jimol of DMP are added to the 5-allylamino^dOTF solution and 
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the mixture is stirred in the dark at room temperature. The 
reaction is monitored by RP-HPLC (columns Waters Novapack 
3.9x150 mm; loop; 20 mL; flow rate; l mL/min; program: 15' 
linear gradient from 100% A to 50% A /50%B, 5' 50%A/50% B, 5' 
gradient back to 100 A%, with A ■ water with 0.1% trifluoro- 
acetic acid and B ■ acetonitrile. The crude conjugate solu- 
tion is prepurified by gel filtration chromatography on a 
1.5x30 cm, Sephadex G-io column, with water as eluent. The 
final purification is by medium pressure liquid chromatogra- 
phy on a Lichroprep RP-18, 20x300 column, with water /acetoni- 
trile 70:30 as eluent. The coupling efficiency was 85% . The 
conjugate is stored at -20 »C. 

Example 27: synthesis of 2-f ormyl-5-hydroxylyden-l-chlorocy- 
clopenten (compound 27) 




Compound 27 

10 mL of anhydrous DMF and 10 mL of dichlorome thane are added 
under argon to a 250 mL flask fitted with a mechanical stir- 
rer. The mixture is cooled with a water /NaCl bath to 4-5°c. A 
solution of 9 ml of P0C1 3 in 9 mL of dichloromethane previ- 
ously cooled to 4°C in the refrigerator, is slowly added drop 

by drop. The reaction mixture is cooled to 0»C with a 
NaCl/ice bath under continuous stirring. The addition re- 
quires 45 minutes. The reaction mixture becomes milky and it 
is allowed to stand for 30 minutes at 4-5 °C. A solution of 
2.00 mL of eye 1 open tanone is added dropwise. The color of the 
reaction mixture turns to yellow. At the of the addition, the 
mixture is stirred for a further 15 minutes and then heated 
at reflux for 5 hour, its color turns to orange and then to 
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dark red. It is then cooled to room temperature. The dicblo- 

romethane solvent is evaporated in vacuo and the residue is 
thrown into 100 g of ice and is ©tirred for 2 hours. The pH 

of the solution is brought to 5 with 50% aqueous NaOH. A dark 
precipitate forms. The mixture is stirred overnight and the 
violet crystals are collected onto a fritted glass filter. 
Yield 2.46 g, 67%. The product, dissolved in methanol has a 
peak at 337 nm. 

Example 28 1 synthesis of benzo [e] indotricarbocyclopenten-ii- 
(chloro) cyanine iodide {compound 25) 




Compound 2 8 



1.0 g of compound 3 -ethyl-1, 1, 2-trimethyl-benz [e] -l [Hi indo- 
liutt iodide, 0.20 g of compound 27, 3 g of sodium acetate an- 
hydrous and 10 mil are heated at reflux in a 3 -neck, 50 mL 
flask for 30 minutes. The solution color turns to dark vio- 
let. The mixture is cooled to room temperature and is added 
dropwise to 500 mL of rapidly stirred ether and purified by 
flash chromatography on silica 60 200-400 mesh, eluting with 

a dichlorome thane/me thanol 9/1 mixture. Yield, 1.10 g. Xftew ■ 
839 nm. 

Example 29 1 synthesis of benzo[e] indotricarbocyclopenten-yi- 
[3- (3-hydroxypropylamido)propylamido3 thiophenoxy cyanine io- 
dide and benzole} indotricarbocyclopenten-n- [3- (3-aminopropyl - 
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Compound 29a = OH; Compound 29b = NH 2 



All the glassware is dried overnight at 120°C Compounds 28 
and 19d are dried in a vacuum oven for 90 minutes at 4 0°C 
over silica gel* A 3 -neck, 100 mL flask , cooled under a 
stream of nitrogen is loaded with 0.5 g of compound 28 and 
2.0 g of compound 19d mL of anhydrous N r N- dime thy Iformamide 
are added by cannula under nitrogen. The mixture is stirred 
for 15 minutes under nitrogen. The solvent is evaporated and 
the residue dissolved in a small amount of methanol. The 
green methanol solution is filtered and added to 200 mL of 
rapidly stirred ether. The green precipitate is collected on 
a fritted glass filter and purified by purified by reverse 
phase medium pressure chromatography on RP-18 LichroPrep 
(Merck) , 25-40 \m. The product is eluted with a metha- 
nol/water 70/30 solvent mixture. 0.40 g of an emerald green 
solid are thus obtained, with X*ooh m 785 ran. The cyanine acid 
is dissolved in 1 mL of anhydrous N,N- dime thy If ormamide and 
equimolar amounts of dicyclohexylcrbodiimide and l -hydroxy- 
benzotriazole hydrate are added. After stirring for 5 min- 
utes, a 5 fold excess of 1,3-aminopropanol is added. The re- 
action mixture is stirred overnight and then is added drop- 
wise to 50 mL of rapidly stirred ether. The product is washed 
with ether and dried in a desiccator. 0-40 g of an emerald 
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are thue obtained, with X*eOH ~ 
dye (29b) compound is obtained 

in place of 1,3- 



green solid (compound 29a) 
BSOrun. An amino- functionali 
by using an excess of 1,3- 
aminopropanol . 



Example 30: synthesis of benzo [e] indotr icarbocyclopenten-u- 

[3 - { 3 -phosphoramidita propylam ido) propylamido] thiophenoxy 

cyanine iodide (compound 30) 




PAM 



Compound 3 0 

0.50 g of alcohol 29a is dried in a vacuum oven at 40°C for 
five hours and then is loaded into a dry, 100 mL, 3 -neck 
flask. 40 mL of anhydrous acetonitrile are added under argon, 
followed by 0-17 rot of a 0.5 M solution of tetrazole in ace- 
tonitrile and 0.42 mL of 2-cyanoethyltetraisopropylphospho- 
rodiamidite. The solution is stirred under argon for 90 min- 
utes at room temperature. After this time period it is evapo- 
rated in vacuo. The residue is re-dissolved in 1 mL of aceto- 
nitrile and precipitated by dropwise addition to 100 mL of 
anhydrous ether. It is stored at -20«»C. The yield of 30 is 

60%. 
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CLAIMS 



1. A symmetric cyanine of the formula 




Q 




wherein: 
X is 
W 

condensed 

R x is 
(CH a ) A SO/ 
from 0 to 
from 3 to 
R a and R a 
ing of H, 
Q is 



(1) 



from the group consisting of O, S and C(CH 3 ) 2 ; 
non-metal atoms required to form a benzo- 
or a naphto- condensed ring; 

lected from the group consisting of (CH^CH,, 
and <CH,) n SO,H, wherein n is an integer selected 
6 when Rj, is (CH 3 ) P CH 3 , and n is an integer selected 
6 when R x is <CH t ) ft SCV or (CH 2 ) a SO,H; 

are independently selected from the group consist- 
a sulphonic moiety and a sulphonate moiety; 
from the group consisting of: 





'(CH 2 )q 
D 
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wherein q is 0 or 1 
si sting of : 



and D is selected from the group con 



and 




and 



wherein A is O or S and G is, or contains a N, O or S nu- 
cleophile moiety or is, or contains a moiety capable of re- 
acting with N, O or S nucleophiles . 

2 A symmetric cyanine according to claim l, wherein G is a 
nucieophile moiety selected from the group consisting of 

<CH 3 )„OH, (OVJNH,, <CH 3 ) B SH, (CH 3 ) tt Y <CH 3 > p OH , (CH,).Y <CH 3 ),NH 3 
and (CHj^OM.SH. wherein Y is selected from the group con- 
3 isting of -IB-. -CW-. -O- and -S-, m is an xnteger se- 
lected from 0 to 6 and p is an integer selected from 1 to 6. 

3 A symmetric cyanine according to claim 1. wherein G is a 
moiety capable of reacting with N, 0 or S nucleophiles, se- 
lected from the group consisting of (CH 3 >„COOH. (CH 3 ) „glyci- 
dyl lOV.maleimide, (CH 3 ) ^CO-NHS, <CH 3 )„C0- imidazole. 

(L 3 ).S0 3 CH=CH 3 . CCH 3 )„CONHNH s , (CH 3 >.CHO, (CH 2 ) B Y (CH 3 ) p COOH, 
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(CH a ) n Y (CH 2 ) p glycidyl , (CH,) m Y (CH a ) pPialeimide , <CH 3 ) m Y (CH 3 ) p CO- 

NHS , < CH a > m Y (CH 3 ) p CO- imidazole , CH 3 <CH 3 ) m O-PAM , 

( CH 3 ) n Y ( CH 2 ) p S0 2 CH*CH 3 , ( CH 3 ) tt Y ( CH a ) p CONHNH , , ( CH 3 ) „Y ( CH 3 ) p CHO and 
(CH a ) m Y<CH,) p O-PAM, wherein Y f m and p have the meanings indi- 
cated in claim 2. 

4. A symmetric cyanine according to any of claims 1 to 3, 
wherein at least one of the moieties to R 3 is, or contains 
a sulphonic moiety or a sulphonate moiety. 

5. A symmetric cyanine according to any of claims 1 to 4, 
wherein X is C(CH 3 ) 3 . 

6. A symmetric cyanine according to claim 5, wherein one of 
the moieties Ra and R, is a sulphonic moiety or a sulphonate 
moiety* 

7. A symmetric cyanine according to claim 6, wherein R x is 

(CH 2 ) n S0/ or (CH^SOjK. 

8. A symmetric cyanine according to any of claims 1 to 4, 
wherein X is S and K x is (CH^SO^ or (CH 3 ) A S0 3 H. 

9. A symmetric cyanine according to any of claims 1 to 8 
having any of the formulae 2a to 21: 



R 2 *2 




2a 
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wherein R t , R 3 . R,, X, q and D have the meanings indicated in 
claim 1 . 
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ABSTRACT 



symmetric cyanine of the formula: 



X > \ Q 



I 
R 




(i> 

wherein: 



wherein: • a S and C(CH,) 3 ; 

X le selected from the group consisting of O, s an , 
X is eeiecw required to form a benzo 

W represents non -metal atoms «qu 

condensed or a naphto- condensed rin3 ' of {CK , K c* 3 , 

„ u selected from the gronp con *^ ^ Qeted 
(c „ j)nSOj - and (CH a ) A SO a H, wherein n is an selecCed 
^ 0 to . when * is (^KCH ^: s £ 

Til t LT^lS selected from the group consist- 
ing of Hi a sulphonic moiety and a suXphonate .oiety, 
q is selected from the group consisting of: 
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wherein q is 0 or 1 and D is selected from the group 
sisting of: 




, and 



wherein A is O or S and O is, or contains a N, O or S 
cleophile moiety or is, or contains a moiety capable of 
acting with N, O or S nucleophiles . 



